The kinetic hypothesis of biodiversity proposes that Mean Annual Temperature (MAT) is the main driver of variation in species richness, given its exponential effect on rates of energy flux and thus, potentially, on rates of biological interaction and diversification. However, limited support for this hypothesis has been found to date. We tested the fit of this model on the variation of tree species richness across the Americas. We found that the kinetic hypothesis accurately predicts the upper bound of the relationship between the inverse of temperature (1,000/kK) and the natural logarithm of species richness. In addition, we found that the number of frost days organizes a substantial portion of the residual variation. Historically, attempts to explain large-scale variation of species richness has focused on gradients of independent variables, but explanatory power has been limited. More than a gradient, the fit of the upper bound of the exponential Boltzmann temperature model of variation of observed species richness can be seen as an upper limit on the species richness per unit of MAT. Likewise, the distribution of the residuals of the upper bound model in function of the number of days with freezing temperatures, shows the importance of environmental thresholds, rather than gradients driving species richness variation. general law or even a single, coherent explanation for these correlations is 4 still elusive [5, 16, 33]. The most formal and testable hypothesis to 5 mechanistically relate species richness to environmental parameters is the 6 kinetic model, which forms part of the framework of the "Metabolic 7 Theory of Ecology" [5]. Under this hypothesis, Mean Annual Temperature 8 (MAT) would be the main driver of variation in species richness, given its 9 exponential effect on rates of energy flux and thus, potentially, on rates of 10 biological interaction and diversification [2, 33]. As a result, a predictive 11 model derived from the exponential Boltzmann temperature relationship 12 has been proposed and tested across different taxa [2]. However, 13 subsequent studies at global [24] and regional [19] scales show no support 14 for two of the main predictions of the model: 1) a linear relationship 15 between species richness and temperature, and 2) a slope of -0.65 between 16 the inverse of temperature (1.000/kK) and the natural logarithm of species 17 richness [2].
In addition to temperature, species richness has also been related to 19 water availability, often measured as mean annual precipitation [37] . The 20 effect of water availability could explain the failure of previous studies to 21 support the kinetic model [12] . Currie (2007) [12] hypothesized that the 25 agree with this, and suggest that the variation below the proposed upper 26 bound fit would be associated with variation in total tree abundance due, 27 mainly, to water deficit. Indeed, statistical models show that forests can 28 reach their maximum diversity when high annual energy input is combined 29 with high water availability throughout the year [24] . However, the original 30 model and the posterior empirical approaches have only tested the central 31 tendency of the variation in species richness [19, 24] , not the upper bound 32 2/13 of species richness. In order to explore the behavior of the kinetic model 33 around the upper bound species richness, given observed MAT values, we 34 analyzed the variation of species richness in 10,721 inventories of tree 35 species across the Americas (between 49 • N and 55 • S). We tested the 36 predictions of linearity and the negative slope (∼ 0.65) using regression 37 models with MAT as an explanatory variable for species richness on its 38 upper quantiles. In addition, we explored the environmental drivers of the 39 variation in the residuals of the mean annual temperature -maximum 40 potential species richness relationship.
41
To test the linearity of the relationship between the inverse of 42 temperature (1,000/kK) and the upper quantiles of the natural logarithm 43 of species richness, we assessed if breakpoint models, that allow for a 44 change in slope at some point over the range of the explanatory variable, 45 provided better statistical fits than linear models. Thus, we compared 46 linear versus breakpoint models above the mean of the relationship (55%, 47 65%, 75%, 85%, 95%). Although segmented models are more robust in all 48 of the quantiles analyzed (see AIC, Table 1 ), the slopes in the segmented 49 Table 1 Slopes and linearity across the upper bound of the relationship between the inverse of 50 temperature (1,000/kK) and the natural logarithm of species richness. Slope values for linear and 51 segmented quantile regressions (slope 1 and slope 2) are provided. The p-value column means the results 52 of the t tests comparing if both slopes in the segmented model are significantly different (p-values < 53 0.05). Finally, the Akaike Information Criteria are provided for linear and segmented in each quantile 54 regression towards the upper bound. Fig. 1, Fig. S1 ). Analyzing the residuals of the linear 63 model at quantile 95%, we found a trend of water availability driving the 64 residual variation below the upper bound ( Fig. 2a ). In addition, we found 65 a pattern of change of state along the axis of the cumulative number of 66 frost days. Those sites with more than ∼ 1, 000 frost days during the last 67 117 years tend to be significantly further from the model proposed in the 68 quantile 95% than those with fewer frost days ( Fig. 2b ). Americas. Black lines are the model fit at 95% quantile for a linear regression (continuous) and for a 72 one-breakpoint segmented regression (dashed). The red lines represents the stronger models in 55%, 73 65%, 75% and 85% quantiles. below the upper bound fit (Fig. 2b ). Community assemblages subjected to 90 more than ∼ 1, 000 frost days during the last 117 years have different 91 behavior with respect to upper bound fit than assemblages that do not 92 experience or experience few events of frost (less than ∼ 1, 000 days or 93 ∼ 10 frost days per year).
94
The variation in the observed species richness below the upper bound 95 model is related to water deficit and freezing temperature. Therefore, our 96 results are coherent with hypotheses suggesting that eco-evolutionary 97 process associated to the conservative evolution of lineages to inhabit 98 "harsh", non tropical (i.e. dry and/or freezing) environments drives the 99 variation in species richness [10, 36] . We suggest that this evolutionary 100 effect is complementary to the metabolic mechanism, inhibiting 101 assemblages to reach the potential number of species expected by MAT. functional, and evolutionary diversity on trees and, therefore, we 194 hypothesized that it could also affect the relationship between species 
